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Possibility of a CP-odd light Higgs A°

* A light Higgs boson, with quantum NMSSM
numbers JP¢=0", is predicted in
extensions of the Standard Model,
such as the Next-to-Minimal
Supersymmetric Standard Model

Dirac
gauginos

— R. Dermisek and J. F. Gunion, “New
constraints on a light CP-odd Higgs boson
and related NMSSM ideal Higgs scenarios”,
Phys. Rev. D 81, 075003 (2010).

* Such a Higgs with a mass <2m, is

: T. Rizzo (SLAC Summer Institute 2012)
not excluded from LEP constraints
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BABAR light Higgs searches

Presented in DPF 2011

Y(2,35) — vy A% A® — ptur PRL 103, 081803 (2009)
Y(3S) — vy A%, A0 — t*r PRL 103, 181801 (2009)
Y(1S) — y A% A° — invisible PRL 107, 021804 (2011)
Y(2,3S) — v A% A° — hadrons PRL 107, 221803 (2011)
Today’s talk
Y(1S) — vy A% A — Pty PRD 87, 031102(R) (2013)
Y(1S) —» v A% A’ — tr arXiv:1210:5669
Y(1S) — v A% A® — gg or s§ PRD 88, 031701(R) (2013)
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The BABAR Experiment

|.5T Superconducting Solenoid

DIRC (PID) e
144 quartz bars
1 1000 PMs o . 6580 CsI(TI) crystals
| | e* (3.1 GeV)
Y (45) AN
e (9 GeV)
- \ Drift Chamber
\ 40 layers

Silicon Vertex Tracker

Instrumented Flux Return 5 layers, double-sided strips
LSTs/RPCs (muons / neutral hadrons)
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Dataset

e 122M Y(3S) and 99M Y(2S)

— 30/fb at 10.35GeV e*e” center of mass energy
14/fb at 10.02GeV

— 2.6/fb at 10.32GeV
1.4/fb at 9.99GeV

* 5M Y(1S) by tagging dipions Y(3S) — rt*rcY(1S)
18M Y (1S) by tagging dipions Y(2S) — mt*rcY(1S)
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Dipion tagging: recoil mass

e Removes continuum background and a clean
Y(1S) sample remains

e Select on recoil mass M,.... = My,s + M., =2M s E .
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Y(1S) — vyA®; AY— gg orss

* Fully reconstruct gg

) # Channel # Channel
using 26 channels 1 2Fnim° N4 KK -ntn-
2 7t 27 W5 KTK ntn~ xY
_ 3 27T 2m~ 16 K*KonFrntn~
* Fully reconstruct ss 4 2rtor—n® 17T KTKq
using the subset that 5 72T+j2_77_2 N §1§;2§+§W:2 i
: T T T g T T T
contains2or4d kaons 0 UL T L i lo by -0
8 2 2r™n 21 KTK 2n 21~ 27"
. . +q9,_—0,0 + 70 +0._.—_0
* Require the hadronic 9 37T+37T_27T 22 K Ki7r¢27r %7r T
10 47" 4n 23 K"K~ 3n"3n

system and a photon 1 K+ bt ok+or-
to be consistent with |12 k*K%F (25 ppr®
the mass of an Y(1S) |18 K"K ~2n° |26 pprn_
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Y(1S) — vyA®; AY— gg orss

PRD 88, 031701(R) (2013
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Branching
Fraction
Upper Limits

Our limits excludes some
NMSSM parameters space
for A? mass less than tit

Thick maroon line =
approximate prediction

Scan in 5MeV/c? steps

Aug 15th, 2013

90% C.L. upper limits
S 2 3 2 2 3
(<2} (4] & w N -
i IIIIIﬂT| IIIIIﬂT| IIIIIIH] T

-k
Q
~

10"
102

1073

104

107
10°®

107

PRD 88, 031701(R) (2013)

M |

ﬂT|III

-

[MC T TTT

B(Y(1S) - v A%) x B(A° — gg)

E_ L
| T T T | T T T | T |
E Expected average —— Observed limits
= Observed limits from
B - Expected (68%)  ----- statistical errors only
§_ Expected (95%)
E

_|.|.|.|I IIIIII|_|,| LI 1 | [TITm [T

T|T|] IIIIII|T| IIIII|T|] TTTH

B(Y(1S) — vy A% x B(A? — s8)
2 4 & 8
A° hypothesis mass (GeV/c?)

Rocky So 11



Y(1S) — vAY; A— t*r

* Select tau pair events by using:
ee, ey, em, hy, pm
* Search for Higgs in the m,? spectrum

m?x — (Pe+e_ — Pﬂ-ﬂ- — Pfy)z

* The photon is mono-chromatic
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Y(1S) — vAY; A— t*r

Used two mass regions, so two sets of selection criteria
Fit the largest upward fluctuation
7.5% of pseudo-experiments have a 3.0o0+ fluctuation of local significance
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Combine with previous results on
Y(3S) — yA°; A’ — t'r
B(Y(nS) —» ~vA°)  gfGpm; m4,

B(Y'(nS) — I+1~)

LS

Previous result

PRL 103, 181801 (2009)

New combined result\\

The Y(1S) analysis
has better limits
because the Y(1S)

sample has less
background
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Y(1S) = yA%; A°— prp

* Search for the Higgs in m 4 spectrum

_ 2
Mred = \/mw“_ — 4mi

e Simplifies the fitting procedure for Higgs mass
close to ptue
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Y(1S) = yA%; A°— prp

* Unbinned max likelihood fit to highest upward fluctuation
e Using pseudo experiments, 18.1% probability of observing a
3.620+ fluctuation of local significance
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Combine with previous results on
Y(2S,3S) — yAY; A°— pru

Previous results: PRL 103, 081803 (2009)

B(Y'(nS) — vA°) _ ﬁ(l— mio ) f, = effective

B(Y(nS) — I+1~) e mQT(nS) Yukawa coupling
— C PRD 87, 031102(R) (2013) :
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Parameter space excluded by data
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(horizontal location of boxes separated for visual purposes)
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Summary and Outlook

* BABAR has seen no evidence for a CP-odd light
Higgs boson

* We exclude some NMSSM parameter space
— Well exclude m,,<7.5GeV/c?

 Analyses searching for A decaying into yy or
CC are in progress
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